X-ray Interference By Division Of Wave Front - A New X-ray Interferometer by Chang S.-L. & Campos C.
X‐ray interference by division of wave front—A new x‐ray interferometer
Shih‐Lin Chang and Cicero Campos 
 
Citation: Applied Physics Letters 40, 558 (1982); doi: 10.1063/1.93178 
View online: http://dx.doi.org/10.1063/1.93178 
View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/40/7?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Interaction between periodic structures of object and X-ray standing wave generated by wavefront-division
interferometer 
Rev. Sci. Instrum. 86, 043701 (2015); 10.1063/1.4916735 
 
TH‐A‐213CD‐06: Study of a New X‐Ray Scatter Rejection Technique Based On Frequency Division Multiplexing 
Med. Phys. 39, 3987 (2012); 10.1118/1.4736268 
 
Nuclear physics on the light front—a new old way to do an old new problem 
AIP Conf. Proc. 494, 65 (1999); 10.1063/1.1301661 
 
Applications of wavefront division interferometers in soft x rays 
Rev. Sci. Instrum. 66, 2180 (1995); 10.1063/1.1145698 
 
AN X‐RAY INTERFEROMETER 
Appl. Phys. Lett. 6, 155 (1965); 10.1063/1.1754212 
 
 
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:
143.106.108.134 On: Fri, 26 Jun 2015 10:47:03
X-ray interference by division of wave front-A new x-ray interferometer 
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An x-ray interference pattern is observed for the first time by division of the wave front at one 
piece of a single crystal. The (220) reflection from a V -shaped silicon crystal and a synchrotron 
radiation source are used. The crystal, acting simultaneously as a beam splitter, mirror, and 
analyzer, represents a novel single-leaf x-ray interferometer. 
P ACS numbers: 07.90. + c, 61.1 O.Dp, 61.1 O.Fr 
Interference between two parts of a beam whose wave 
front is divided using lenses and mirrors can easily be ob-
served in the visible range ofthe spectrum. 1.2 The situation 
for x rays is, however, much more difficult, mainly because 
of the much shorter wavelengths and the small difference, 
/) = 1 - n _10- 6 , between the index of refraction, n, of x 
rays in the vacuum and in matter. A coherence length of 
typically 0.5 f.Lm results, which is much less than in the visi-
ble range and severely complicates interference experiments 
for wavelengths less than 3 A, which is the commonly uti-
lized region for x-ray diffraction. Zone plates are limited to 
longer wavelength for x rays3-5 and neutrons.6 
In this letter, we report the first successful generation of 
an interference pattern by division of a wave front, utilizing a 
synchrotron x-ray source and a V-shaped silicon single crys-
tal. This surprisingly simple arrangement produces interfer-
ence patterns by dynamical diffraction; the plane-wave dyn-
amical theory accounts for the results. 
A silicon crystal is cut in the form of a V, as shown in 
Fig. l(a), with two adjacent inclined surfaces A and B. The 
crystal orientation is indicated in Fig. l(b). The incident 
beam is divided by the line SV, which hits the vertex Vat the 
exact Bragg angle ()B for (220) reflection, into two parts, 
beams a and b. The corresponding wave fronts are ELa and 
LaD shown in the reciprocal space [Fig. l(c)]. Beams a and b 
form angles of incidence with the atomic planes (220) which 
are greater and smaller than ()B' respectively. The angle be-
tween the crystal surface and the (220) reciprocal lattice vec-
tor OH is E for surface A and r for surface B. 
The position of the excited tie point on the dispersion 
curve is determined, based on the plane-wave dynamical the-
ory/'s by the crystal surface normal from a given entrance 
point on the incident wave front to fulfill the boundary con-
dition involving continuity of the tangential components of 
wave vectors at the crystal boundary. Accordingly, ELa 
(with respect to surface B) and LaD (with respect to surface 
A) excite the arcs MP and NQ of branch a, respectively. 
(Only the lowest absorbing dispersion surface branch a is 
considered.) The portion MN is the overlapped region which 
is excited by both beams a andb simultaneously. For each tie 
alOn leave from Instituto de Fisica, Universidade Estadual de Campinas. 
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point Tin MN, the two diffracted waves, as well as the trans-
mitted ones, are generated respectively by beam a from Fa 
and by beam b from Fb, and are able to interact with each 
other coherently, since both have the same wave vectors, ko 
for the incident beam and kH for the reflected beam. 
The resultant wavefield amplitude Do generated at Tis 
obtained by considering the phase matching between beams 
a and b, their associated absorption, and the continuities of 
the normal component of the displacement vector and of the 
tangential components of the electric and magnetic vectors 
at the crystal boundary. Thus 
Do = P I Co(a)exp[ - f.L(a)R /2] + Co(b )exp[ - f.L(b )R /2] I, 
(1) 
where P is the sinusoidal term, common to beams a and b.9 R 
is the normal component to OH of the vector connecting the 
vertex of the crystal and the observation point. For simplic-
ity, R is chosen to be the crystal thickness at the vertex. f.L is 
the linear absorption coefficient. f.L and the complex quanti-
ties Cola) and Co(b ) are functions of the beam divergence, the 
angles rand E, and the electric susceptibilities.9 The modu-
lus ICo(a)1 andf.L(a) are greater than ICo(b)1 andf.L(b). The 
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FIG. I. (a) V-shaped crystal. The shaded and the dotted areas indicate the 
beams a and b. respectively. S is the x-ray source and W the wedge with its 
thickness gradient along [111]. R is the crystal thickness at the vertex V. A 
and B stand for the crystal surfaces. (b) Orientation of the crystal. (c) Geo-
metric relation among the dispersion surface (branches a and /3). the inci-
dent wave front DE. crystal surfaces A and B. and wave vectors ko and kH in 
the reciprocal space. La and 8B are Laue point and Bragg angle for the 
reciprocal lattice vector OH. The line yz is parallel to OH. 
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FIG. 2. (220) reflection images from the V -shaped crystal. (The field width is 
about 5 mm. The vertical direction is along [III).): (a) without the lucite 
wedge, (b) with the wedge delaying beam b in front of the crystal, and (c) an 
additional lead piece blocking beam a for (b). 
arguments a and b indicate the beams a and b. The amplitude 
of the diffracted wave, DH , has a similar form as Eq. (1). 
A phase lag t/J is introduced into either beam a or beam b 
by placing a wedge with the direction of its thickness gradi-
ent along [111], normal to the plane of incidence. Either the 
first or the second term ofEq. (1) should be multiplied by 
exp(it/J ). t/J is then a function of the local wedge thickness. 
Equally spaced interference maxima and minima are there-
fore expected along the [111] direction. 
Experiments are carried out by using the linearly polar-
ized synchrotron radiation from the DORIS storage ring in 
Hamburg, Germany. The beam divergence is about 0.2 
mrad. The linearly polarization simplifies the dynamical in-
teraction since only one branch of the dispersion surface 
needs to be considered. The small beam divergence facili-
tates the observation of the interaction in a region of a few 
seconds of arc. A V -shaped (r = E = 30°) silicon single crys-
tal is aligned for (220) reflection and 0.7-A radiation. The 
polarization of the radiation is parallel to the plane of inci-
dence. The crystal thickness R is chosen to be 4 mm so that 
only the least absorption branch a is excited by the incident 
beam. The distance from the ring to the crystal is about 36 m. 
An approximately 3°lucite wedge is put in front of the crys-
tal to delay the phase of beam b. Films placed at 10 cm be-
hind the crystal are used to record the (220) reflected beam. 
Figure 2 shows the enlarged images: (a) without the wedge, 
(b) with the wedge, and (c) with a piece oflead to block beam 
a when beam b is delayed by the wedge. No interference 
fringes are seen in (a) and (c). Only in (b), an interference 
pattern is observed, showing the equally spaced fringes in 
agreement with the prediction ofEq. (1). A digital microden-
sitometer trace of these fringes plotted in Fig. 3 reveals clear-
ly the intensity maxima and minima. 
In conclusion, we have thus demonstrated the interfer-
ence pattern by division of wave front using the V -shaped 
crystal. In comparison with the Bonse-Hart (BH) interfer-
ometer,1O which needs three leaves of one crystal for beam 
splitter, mirror, and analyzer, the present V crystal can be 
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FIG. 3. Microdensitometer tracing of Fig. 2(b) along the vertical direction, 
i.e., the direction of the thickness gradient of the wedge. The ordinate repre-
sents the transmitted light intensities through the original films. Back-
ground is suppressed. Only the part with fringes is shown. 
used as a single-leaf interferometer. Its simple physical fea-
tures greatly facilitates the preparation of this type of crystal 
and improves the stability of its performance for x-ray inter-
ferometry. However, a disadvantage is that the contrast of 
the interference fringes using the V crystal is poorer than 
with a BH interferometer, since / Co(a)/ andJl(a) are not equal 
to /Co(b)/ andJl(b), respectively. A better contrast can be 
achieved by using a concave-cut single crystal. 
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